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INTRODUCTION 

Gasification a n d  combust ion o f  the  la rge  reserves o f  American l ign i tes  i s  a n  area 
of intense research. 
t he  c u r r e n t  p ro jec t  t o  build a n d  operate t h e  f i r s t  large-scale coal gas i f ie r  us ing  lig- 
n i tes  from Nor th  Dakota. 
understand and  p red ic t  t h e  behavior  o f  these coals. In th i s  paper,  t h e  ro le  o f  ion- 
exchangeable alkal i  a n d  alkal ine-earth metals in the  gas i f i ca t ion lpyro lys is  o f  l ign i tes  
i s  addressed. These cations, which a r e  pecul iar  t o  low-rank coals, a r e  known to  
have a s igni f icant in f luence o n  t h e  u t i l i za t ion  behavior  o f  l ign i tes .  Exchangeable 
metal cations have been found  t o  a f fec t  coal py ro l ys i s  ( 1 , 2 )  a n d  coal-char gasifica- 
t ion  ( 3 ) .  The  goal o f  t h i s  paper  i s  t o  i l lucidate the  way in which exchangeable 
cat ions a f fec t  coal gasi f icat ion in terms o f  t he i r  ro le  in coal pyro lys is ,  char  gasi f ica- 
t i on  and the  in te rac t ion  between t h e  two. 

T h i s  research, coupled w i th  economic incent ives,  has l ed  to  

However, much work i s  necessary in o r d e r  t o  b e  able to 

EXPERIMENTAL 

Pyro lys is  was ca r r i ed  o u t  in a di lute-phase entrained-f low reac tor .  
i s  a modified vers ion  ( 4 )  o f  tha t  u t i l i zed  by Scaroni e t  a l .  ( 4 ) .  
py ro l ys i s  to b e  s tud ied  u n d e r  high heat ing a n d  cool ing ra tes  ( 1 0 4  - lo5  K l s ) .  
these conditions, examination o f  py ro l ys i s  ove r  residence times f rom 0 . 0 3  to 0.30 
s a n d  a t  temperatures up t o  1300 K i s  possible. 
in o rde r  to  reduce t h e  ro le  o f  secondary reactions resu l t i ng  f rom contac t  between 
t h e  pyro lys is  products .  
mined by us ing  ash as a t racer .  
b e r  o f  workers (4,5,6). 
Free (DICF) bas is  in o r d e r  to  account f o r  t he  presence/absence o f  metal cat ions.  

The  system 
T h e  system al lows 

U n d e r  

Pyro lys is  occu rs  in a d i l u te  stream 

Because o f  exper imental  condi t ions,  weight  loss was de ter -  

Weight loss data a r e  repo r ted  o n  a D r y  Inorgan ic  Content  
T h i s  technique has been used  prev ious ly  by a num- 

In th i s  work,  f o u r  py ro l ys i s  atmospheres were u t i l i zed ;  t hey  a r e  n i t rogen,  air ,  
I t  should b e  noted tha t  t h e  volumetr ic f low ra tes  carbon d iox ide  a n d  wet-ni t rogen. 

and  gas velocities were the  same f o r  al l  f ou r  cases. 
is saturated n i t rogen  produced by bubbling dry n i t rogen  t h r o u g h  water a t  room temp- 
e ra tu re  ( 2 . 7 %  water by volume).  

T h e  wet-n i t rogen re fe r red  to  

A Montana l i gn i te  ( F o r t  Union Seam) was u t i l i zed  in t h i s  s t u d y .  Details o f  t he  
organic and  inorgan ic  analyses o f  t h i s  coal can b e  found elsewhere ( 2 ) .  
two types  o f  samples were u t i l i zed :  r a w  l i gn i te  a n d  acid-washed l ign i te .  
washing procedure,  50 g o f  raw l igni te,  w i th  a mean pa r t i c l e  size o f  46 pm, were 
mixed w i th  900 ml o f  0 . 1  N H C L  for 16-24 hours,  f i l tered, a n d  washed repeatedly.  
I t  was then re f l uxed  in 1000 ml  o f  bo i l ing  d is t i l l ed  water fo r  1 h o u r  to  remove excess 
HCL ( 7 ) .  

In t h i s  study, 
In t h e  acid- 

RESULTS AND DISCUSSION 

A i r  a n d  N i t rogen -- T h e  py ro l ys i s  of l ign i tes  in a i r  a n d  n i t rogen  wi l l  b e  discussed 
f i r s t .  Combustion in a i r  i s  t rea ted  separately because t h e  highly exothermic ox ida t ion  
reactions make i t  d i f f i cu l t  t o  con t ro l  a n d  p red ic t  pa r t i c l e  temperature.  
resu l t s  gained have t o  b e  discussed in terms of t h i s  exper imental  d i f f i cu l ty .  

* C u r r e n t  Address :  A t lan t ic  Research Corporat ion,  A lexandr ia ,  VA, 22314. 

Thus, t h e  
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T h e  resu l t s  for  p y r o l y s i s  o f  the raw and  acid-washed l ign i tes in a i r  and  n i t rogen 

the  ef fect  o f  t he  presence o f  a i r  a n d  the effect 
a t  1173 K can b e  seen in F i g u r e  1. 
resul ts  wi l l  b e  b roken  i n t o  two pa r t s :  
o f  metal cations in a i r .  

F o r  t h e  sake o f  c la r i t y ,  t he  discussion o f  these 

In F i g u r e  1, it can b e  seen t h a t  t h e  weight loss behavior  i s  dramatical ly d i f fe r -  
e n t  in a i r  when compared t o  n i t rogen.  
50% f o r  the acid-washed coal a n d  30% f o r  t h e  raw coal, b o t h  coals lose about 90% in 
a i r .  
a n d  a i r  occur  a t  v e r y  ea r l y  residence times. 
t ha t  the p y r o l y s i s  process dominates the  weight loss behavior. Because these in- 
creases in weight  loss in a i r  occu r  so rap id l y ,  there are, a t  least, three proposed 
mechanisms suggested: ox idat ion o f  p r imary  volat i les to  reduce secondary char-  
forming reactions, ox idat ion o f  unstable nascent sites in t h e  p y r o l y z i n g  cha r  ( S ) ,  
and /o r  increases in the r a t e  a n d  y ie ld  o f  py ro l ys i s  due  to  increases in par t i c l e  temp- 
eratures from ox idat ion reactions. 

While maximum weight loss in n i t rogen  a re  

It should also b e  no ted  t h a t  major d i f ferences between the behavior  in n i t rogen 
D u r i n g  th is  in i t ia l  period, it i s  assumed 

It can b e  seen that  t h e  presence o f  metal cations, in a i r ,  resul ts  in a decrease 
in t h e  r a t e  of weight  loss when compared to  the behavior o f  t he  ac id  washed l ign i te .  
F igu re  1 shows t h a t  a f t e r  approx iamte ly  0.05 s t he  acid-washed l ign i te  has lost 
80 w t% whereas the  raw l ign i te  has only  lost  about 3 0  wt%. It appears that  the reascn 
f o r  the observed inf luence o f  metal cations i s  a decrease in the  ra te  o f  vo la t i le  evolu- 
t ion  and, thus,  oxidation. T h i s  v iew is substantiated by the  observat ion tha t  metal 
cations have been shown to a f fec t  t h e  amount, ra te  o f  release and  chemical n a t u r e  
o f  t he  vo lat i le  material ( 1 , 2 ) .  From F i g u r e  1, it can also b e  seen t h a t  a f t e r  about 
0.15 s t he  two cu rves  obta ined f rom the r u n s  in a i r  become almost coincident. 

Wet-Nitrogen a n d  Carbon Diox ide -- Potential ly react ive atmospheres o f  carbon 
dioxide a n d  wet-n i t rogen were also examined. Analysis o f  l ign i te  behavior  in these 
atmospheres i s  somewhat simpler t han  in a i r  because o f  the lack o f  exothermic reac- 
t ions; especially in any  carbon gasif icat ion reactions (9) .  

F igures 2 and  3. 
ca rbon  d iox ide and  wet-n i t rogen a r e  presented. 
loss in n i t rogen  a n d  carbon d iox ide  a r e  similar b u t  they a re  greater  than in wet- 
n i t rogen.  T h i s  indicates, probably,  a slower heat ing ra te  o f  the par t ic les when wet- 
n i t rogen  i s  the secondary gas. Secondly, it i s  observed that, a t  some stage, s ign i f i -  
can t  weight loss ceases for  a l l  t h ree  gases. Th is  leve l ing o f f  occurs a t  about 39 wt: 
in carbon dioxide. 

The resu l t s  o f  p y r o l y z i n g  the l i g n i t e  in these two atmospheres can b e  seen in 
In F igu re  2,  t h e  resu l t s  fo r  py ro l ys i s  o f  t he  raw coal in ni t rogen,  

I t  can b e  seen that  in i t ia l l y  weight 

Results fo r  py ro l ys i s  of t he  acid-washed samples in the th ree  atmospheres a re  
presented in F igu re  3. In t h e  case o f  th is  sample, similar e f fects  o f  atmosphere on 
in i t ia l  weight loss are  observed. T h a t  is, in i t ia l l y  the weight loss in n i t rogen  a n d  
carbon d iox ide a r e  similar and, yet ,  g rea te r  than tha t  observed in wet-nitrogen. 
However, the most important observat ion i s  t ha t  there is l i t t le,  if any, e f fect  o f  a t -  
mosphere on f inal weight loss in the reactor .  A f te r  about 0 . 2 0  s th is  acid-washed 
l ign i te  loses almost 50 w t %  in a l l  t h ree  gases. 

If one compares F igures 2 and  3, a n  addit ional i n te res t i ng  resu l t  can be found. 
In a l l  cases, the presence o f  metal cations in the  l ign i te  causes a decrease in total 
weight loss in the reactor .  A l though  the re  is a s ign i f icant  increase in weight loss 
when the raw coal i s  py ro l yzed  in the  react ive gases, the largest  weight loss f o r  t he  
raw coal is about  40% while the acid-washed sample loses almost 50%. T h i s  is in con- 
t r a s t  to  the weight loss behavior  in a i r  where the raw and  acid-washed samples have 
similar we igh t  loss values a f t e r  about 0. 15 s. 
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A s  stated previously,  during py ro l ys i s  in wet-n i t rogen o r  carbon dioxide, it 
is  possible to  eliminate l a rge  di f ferences in pa r t i c l e  t ime-temperature h i s t o r y  as a 
source of differences in gasi f icat ion behav io r .  
t h e  observed behavior in these atmospheres a r e  re la ted  to  react ions of t h e  atmospheres 
w i th  the  py ro l yz ing  sol id surface a n d l o r  react ions w i th  the  vo la t i le  mater ia ls released. 
Of these two  explanations, it appears tha t  t he  second i s  more l i ke l y  t o  b e  dominant. 
T h i s  suggest ion ar ises f rom two observat ions.  F i r s t l y ,  t h e  increases in weight loss 
occur  most dramatically during t h e  in i t ia l  0.15 s when t h e  release o f  volat i le species 
should dominate the  coal's behavior.  Secondly, these gases appear  t o  have l i t t l e  
inf luence o n  t h e  ul t imate py ro l ys i s  behavior  o f  t h e  acid-washed l ign i te .  It has been  
shown t h a t  the  presence/absence o f  metal cat ions in l ign i tes  p ro found ly  affects t h e  
evolut ion of volat i le species a t  sho r t  residence times. 
cat ions enhances volat i le y ie ld  to  such a degree tha t  t h e  presence o f  t h e  var ious  gases 
has l i t t l e  o r  n o  ef fect  o n  t h e  observed behav io r .  

Therefore,  t he  two  major causes of  

Thus,  removal of t h e  metal 
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